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Description
FIELD
[0001] The present disclosure relates to electric heat-

ers, and more particularly to heaters for heating a fluid
flow such as heat exchangers.

BACKGROUND

[0002] Heater systems according to the preamble of
independent claim 1 have been disclosed for example in
US 3 340 382.

[0003] A fluid heater may be in the form of a cartridge
heater, which has a rod configuration to heat fluid that
flows along or past an exterior surface of the cartridge
heater. The cartridge heater may be disposed inside a
heat exchanger for heating the fluid flowing through the
heat exchanger. If the cartridge heater is not properly
sealed, moisture and fluid may enter the cartridge heater
to contaminate the insulation material that electrically in-
sulates aresistive heating element from the metal sheath
of the cartridge heater, resulting in dielectric breakdown
and consequently heater failure. The moisture can also
cause short circuiting between power conductors and the
outer metal sheath. The failure of the cartridge heater
may cause costly downtime of the apparatus that uses
the cartridge heater.

SUMMARY

[0004] Accordingto afirstaspect, the presentinvention
relates to a heater system according to claim 1.

[0005] According to a second aspect, the present in-
vention relates to an apparatus for heating fluid according
to claim 32.

[0006] According to a third aspect, the present inven-
tion relates to a method of controlling a heating system
according to claim 17.

DRAWINGS

[0007] In order that the disclosure may be well under-
stood, there will now be described various forms thereof,
given by way of example, reference being made to the
accompanying drawings, in which:

FIG. 1 is a perspective view of a heater bundle con-
structed in accordance with the teachings of the
present disclosure;

FIG. 2 is a perspective view of a heater assembly of
the heater bundle of FIG. 1;

FIG. 3 is a perspective view of a variant of a heater
assembly of the heater bundle of FIG. 1;

FIG. 4 is a perspective view of the heater assembly
of FIG. 3, wherein the outer sheath of the heater
assembly is removed for clarity;

FIG. 5 is a perspective view of a core body of the
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heater assembly of FIG. 3;

FIG. 6 is a perspective view of a heat exchanger
including the heater bundle of FIG. 1, wherein the
heaterbundle is partially disassembled from the heat
exchanger to expose the heater bundle for illustra-
tion purposes; and

FIG. 7 is a block diagram of a method of operating
a heater system including a heater bundle construct-
ed in accordance with the teachings of the present
disclosure.

DETAILED DESCRIPTION

[0008] ReferringtoFIG.1,aheatersystemconstructed
in accordance with the teachings of the present disclo-
sure is generally indicated by reference 10. The heater
system 10 includes a heater bundle 12 and a power sup-
ply device 14 electrically connected to the heater bundle
12. The power supply device 14 includes a controller 15
for controlling power supply to the heater bundle 12. A
"heater bundle", as used in the present disclosure, refers
to a heater apparatus including two or more physically
distinct heating devices that can be independently con-
trolled. Therefore, when one of the heating devices in the
heater bundle fails or degrades, the remaining heating
devices in the heater bundle 12 can continue to operate.
[0009] In one form, the heater bundle 12 includes a
mounting flange 16 and a plurality of heater assemblies
18 secured to the mounting flange 16. The mounting
flange 16 includes a plurality of apertures 20 through
which the heater assemblies 18 extend. Although the
heater assemblies 18 are arranged to be parallel in this
form, it should be understood that alternate positions/ar-
rangements of the heater assemblies 18 are within the
scope of the present disclosure.

[0010] As further shown, the mounting flange 16 in-
cludes a plurality of mounting holes 22. By using screws
or bolts (not shown) through the mounting holes 22, the
mounting flange 16 may be assembled to a wall of a
vessel or a pipe (not shown) that carries a fluid to be
heated. At least a portion of the heater assemblies 18
are be immersed in the fluid inside the vessel or pipe to
heat the fluid in this form of the present disclosure.
[0011] Referringto FIG. 2, which illustrates an embod-
imentthatis notin accordance with the presentinvention,
the heater assemblies 18 according to one form may be
in the form of a cartridge heater 30. The cartridge heater
30 is a tube-shaped heater that generally includes a core
body 32, a resistive heating wire 34 wrapped around the
core body 32, a metal sheath 36 enclosing the core body
32 and the resistive heating wire 34 therein, and an in-
sulating material 38 filling in the space in the metal sheath
36 to electrically insulate the resistive heating wire 34
from the metal sheath 36 and to thermally conduct the
heat from the resistive heating wire 34 to the metal sheath
36. The core body 32 may be made of ceramic. The in-
sulation material 38 may be compacted Magnesium Ox-
ide (MgO). A plurality of power conductors 42 extend
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through the core body 32 along a longitudinal direction
and are electrically connected to the resistive heating
wires 34. The power conductors 42 also extend through
anend piece 44 that seals the outer sheath 36. The power
conductors 42 are connected to the external power sup-
ply device 14 (shown in FIG. 1) to supply power from the
external power supply device 14 to the resistive heating
wire 32. While FIG. 2 shows only two power conductors
42 extending through the end piece 44, more than two
power conductors 42 can extend through the end piece
44. The power conductors 42 may be in the form of con-
ductive pins. Various constructions and further structural
and electrical details of cartridge heaters are set forth in
greater detail in U.S. Patent Nos. 2,831,951 and
3,970,822, which are commonly assigned with the
present application.

[0012] Alternatively, multiple resistive heating wires 34
and multiple pairs of power conductors 42 may be used
to form multiple heating circuits thatcan be independently
controlled to enhance reliability of the cartridge heater
30. Therefore, when one of the resistive heating wires
34 fails, the remaining resistive wires 34 may continue
to generate heat without causing the entire cartridge
heater 30 to fail and without causing costly machine
downtime.

[0013] Referringto FIGS. 3 to 5, the heater assemblies
50 may be in the form of a cartridge heater having a
configuration similar to that of FIG. 2 except for the
number of core bodies and number of power conductors
used. More specifically, the heater assemblies 50 each
include a plurality of heater units 52, and an outer metal
sheath 54 enclosing the plurality of heater units 52 there-
in, along with a plurality of power conductors 56. An in-
sulating material (not shown in FIGS. 3 to 5) is provided
between the plurality of heating units 52 and the outer
metal sheath 54 to electrically insulate the heater units
52 from the outer metal sheath 54. The plurality of heater
units 52 each include a core body 58 and aresistive heat-
ing element 60 surrounding the core body 58. The resis-
tive heating element 60 of each heater unit 52 may define
one or more heating circuits to define one or more heating
zones 62.

[0014] Inthe present form, each heater unit 52 defines
one heating zone 62 and the plurality of heater units 52
in each heater assembly 50 are aligned along a longitu-
dinal direction X. Therefore, each heater assembly 50
defines a plurality of heating zones 62 aligned along the
longitudinal direction X. The core body 58 of each heater
unit 52 defines a plurality of through holes/apertures 64
to allow power conductors 56 to extend therethrough.
The resistive heating elements 60 of the heater units 52
are connected to the power conductors 56, which, in turn,
are connected to an external power supply device 14.
The power conductors 56 supply the power from the pow-
er supply device 14 to the plurality of heater units 50. By
properly connecting the power conductors 56 to the re-
sistive heating elements 60, the resistive heating ele-
ments 60 of the plurality of heating units 52 can be inde-
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pendently controlled by the controller 15 of the power
supply device 14. As such, failure of one resistive heating
element 60 for a particular heating zone 62 will not affect
the proper functioning of the remaining resistive heating
elements 60 for the remaining heating zones 62. Further,
the heater units 52 and the heater assemblies 50 may
be interchangeable for ease of repair or assembly.
[0015] In the present form, six power conductors 56
are used for each heater assembly 50 to supply power
to five independent electrical heating circuits on the five
heater units 52. Alternatively, six power conductors 56
may be connected to the resistive heating elements 60
in a way to define three fully independent circuits on the
five heater units 52. It is possible to have any number of
power conductors 56 to form any number of independ-
ently controlled heating circuits and independently con-
trolled heating zones 62. For example, seven power con-
ductors 56 may be used to provide six heating zones 62.
Eight power conductors 56 may be used to provide seven
heating zones 62.

[0016] The power conductors 56 may include a plural-
ity of power supply and power return conductors, a plu-
rality of power return conductors and a single power sup-
ply conductor, or a plurality of power supply conductors
and a single power return conductor. If the number of
heater zones is n, the number of power supply and return
conductors is n +1.

[0017] Alternatively, a higher number of electrically dis-
tinct heating zones 62 may be created through multiplex-
ing, polarity sensitive switching and other circuit topolo-
gies by the controller 15 of the external power supply
device 14. Use of multiplexing or various arrangements
ofthermal arrays toincrease the number of heating zones
within the cartridge heater 50 for a given number of power
conductors (e.g. a cartridge heater with six power con-
ductors for 15 or 30 zones.) is disclosed in U.S. Patent
Nos. 9,123,755, 9,123,756, 9,177,840, 9,196,513, and
their related applications, which are commonly assigned
with the present application.

[0018] With this structure, each heater assembly 50
includes a plurality of heating zones 62 that can be inde-
pendently controlled to vary the power output or heat
distribution along the length of the heater assembly 50.
The heater bundle 12 includes a plurality of such heater
assemblies 50. Therefore, the heater bundle 12 provides
a plurality of heating zones 62 and a tailored heat distri-
bution for heating the fluid that flows through the heater
bundle 12 to be adapted for specific applications. The
power supply device 14 can be configured to modulate
power to each of the independently controlled heating
zones 62.

[0019] Forexample,aheating assembly 50 may define
an "m" heating zones, and the heater bundle may include
"k" heating assemblies 50. Therefore, the heater bundle
12 may define m*k heating zones. The plurality of heating
zones 62 in the heater bundle 12 can be individually and
dynamically controlled in response to heating conditions
and/or heating requirements, including but not limited to,
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the life and the reliability of the individual heater units 52,
the sizes and costs of the heater units 52, local heater
flux, characteristics and operation of the heater units 52,
and the entire power output.

[0020] Each circuit is individually controlled at a de-
sired temperature or a desired power level so that the
distribution of temperature and/or power adapts to vari-
ations in system parameters (e.g. manufacturing varia-
tion/tolerances, changing environmental conditions,
changing inlet flow conditions such as inlet temperature,
inlet temperature distribution, flow velocity, velocity dis-
tribution, fluid composition, fluid heat capacity, etc.).
More specifically, the heater units 52 may not generate
the same heat output when operated under the same
power level due to manufacturing variations as well as
varied degrees of heater degradation over time. The
heater units 52 may be independently controlled to adjust
the heat output according to a desired heat distribution.
The individual manufacturing tolerances of components
of the heater system and assembly tolerances of the
heater system are increased as a function of the modu-
lated power of the power supply, or in other words, be-
cause of the high fidelity of heater control, manufacturing
tolerance of individual components need not be as
tight/narrow.

[0021] The heater units 52 may each include a tem-
perature sensor (not shown) for measuring the temper-
ature of the heater units 52. When a hot spotin the heater
units 52 is detected, the power supply device 14 may
reduce or turn off the power to the particular heater unit
52 on which the hot spot is detected to avoid overheating
or failure of the particular heater unit 52. The power sup-
ply device 14 may modulate the power to the heater units
52 adjacent to the disabled heater unit 52 to compensate
for the reduced heat output from the particular heater unit
52.

[0022] The power supply device 14 may include multi-
zone algorithms to turn off or turn down the power level
delivered to any particular zone, and to increase the pow-
er to the heating zones adjacent to the particular heating
zone that is disabled and has a reduced heat output. By
carefully modulating the power to each heating zone, the
overall reliability of the system can be improved. By de-
tecting the hot spot and controlling the power supply ac-
cordingly, the heater system 10 has improved safety.
[0023] The heater bundle 12 with the multiple inde-
pendently controlled heating zones 62 can accomplish
improved heating. For example, some circuits on the
heater units 52 may be operated at a nominal (or "typical")
duty cycle of less than 100% (or at an average power
level thatis a fraction of the power that would be produced
by the heater with line voltage applied). The lower duty
cycles allow for the use of resistive heating wires with a
larger diameter, thereby improving reliability.

[0024] Normally, smaller zones would employ a finer
wire size to achieve a given resistance. Variable power
control allows a larger wire size to be used, and a lower
resistance value can be accommodated, while protecting
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the heater from overloading with a duty cycle limit tied to
the power dissipation capacity of the heater.

[0025] The use of a scaling factor may be tied to the
capacity of the heater units 52 or the heating zone 62.
The multiple heating zones 62 allow for more accurate
determination and control of the heater bundle 12. The
use of a specific scaling factor for a particular heating
circuit/zone will allow for a more aggressive (i.e. higher)
temperature (or power level) at almost all zones, which,
in turn, lead to a smaller, less costly design for the heater
bundle 12. Such a scaling factor and method is disclosed
in U.S. Patent No. 7,257,464, which is commonly as-
signed with the present application.

[0026] The sizes of the heating zones controlled by the
individual circuits can be made equal or different to re-
duce the total number of zones needed to control the
distribution of temperature or power to a desired accu-
racy.

[0027] Referring backto FIG. 1, the heater assemblies
18 are shown to be a single end heater, i.e., the conduc-
tive pin extends through only one longitudinal end of the
heater assemblies 18. The heater assembly 18 may ex-
tend through the mounting flange 16 or a bulkhead (not
shown) and sealed to the flange 16 or bulkhead. As such,
the heater assemblies 18 can be individually removed
and replaced without removing the mounting flange 16
from the vessel or tube.

[0028] Alternatively, the heater assembly 18 may be a
"double ended" heater. In a double-ended heater, the
metal sheath are bentinto a hairpin shape and the power
conductors pass through both longitudinal ends of the
metal sheath so that both longitudinal ends of the metal
sheath pass through and are sealed to the flange or bulk-
head. In this structure, the flange or the bulkhead need
to be removed from the housing or the vessel before the
individual heater assembly 18 can be replaced.

[0029] Referringto FIG. 6, a heater bundle 12 is incor-
porated in a heat exchanger 70. The heat exchanger 70
includes a sealed housing 72 defining an internal cham-
ber (not shown), a heater bundle 12 disposed within the
internal chamber of the housing 72. The sealed housing
72 includes a fluid inlet 76 and a fluid outlet 78 through
which fluid is directed into and out of the internal chamber
of the sealed housing 72. The fluid is heated by the heater
bundle 12 disposed in the sealed housing 72. The heater
bundle 12 may be arranged for either cross-flow or for
flow parallel to their length.

[0030] The heater bundle 12 is connected to an exter-
nal power supply device 14 which may include a means
to modulate power, such as a switching means or a var-
iable transformer, to modulate the power supplied to an
individual zone. The power modulation may be per-
formed as a function of time or based on detected tem-
perature of each heating zone.

[0031] The resistive heating wire may also function as
a sensor using the resistance of the resistive wire to
measure the temperature of the resistive wire and using
the same power conductors to send temperature meas-
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urement information to the power supply device 14. A
means of sensing temperature for each zone would allow
the control of temperature along the length of each heater
assembly 18 in the heater bundle 12 (down to the reso-
lution of the individual zone). Therefore, the additional
temperature sensing circuits and sensing means can be
dispensed with, thereby reducing the manufacturing
costs. Direct measurement of the heater circuit temper-
ature is a distinct advantage when trying to maximize
heat flux in a given circuit while maintaining a desired
reliability level for the system because it eliminates or
minimizes many of the measurement errors associated
with using a separate sensor. The heating element tem-
perature is the characteristic that has the strongest influ-
ence on heater reliability. Using a resistive element to
function as both a heater and a sensor is disclosed in
U.S. Patent No. 7,196,295, which is commonly assigned
with the present application.

[0032] Alternatively, the power conductors 56 may be
made of dissimilar metals such that the power conductors
56 of dissimilar metals may create a thermocouple for
measuring the temperature of the resistive heating ele-
ments. For example, at least one set of a power supply
and a power return conductor may include different ma-
terials such thatajunction is formed between the different
materials and a resistive heating element of a heater unit
and is used to determine temperature of one or more
zones. Use of "integrated" and "highly thermally coupled”
sensing, such as using different metals for the heater
leads to generation of a thermocouple-like signal. The
use of the integrated and coupled power conductors for
temperature measurementis disclosedin U.S. Published
Application No. 2016/0353521, which is commonly as-
signed with the present application.

[0033] The controller 15 for modulating the electrical
power delivered to each zone may be a closed-loop au-
tomatic control system. The closed-loop automatic con-
trol system 15 receives the temperature feedback from
each zone and automatically and dynamically controls
the delivery of power to each zone, thereby automatically
and dynamically controlling the power distribution and
temperature along the length of each heater assembly
18 in the heater bundle 12 without continuous or frequent
human monitoring and adjustment.

[0034] The heater units 52 as disclosed herein may
also be calibrated using a variety of methods including
but not limited to energizing and sampling each heater
unit 52 to calculate its resistance. The calculated resist-
ance can then be compared to a calibrated resistance to
determine aresistance ratio, or a value to then determine
actual heater unittemperatures. Exemplary methods are
disclosed in U.S. Patent Nos. 5,280,422 and 5,552,998,
which are commonly assigned with the present applica-
tion.

[0035] One form of calibration includes operating the
heater system 10 in at least one mode of operation, con-
trolling the heater system 10 to generate a desired tem-
perature for at least one of the independently controlled
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heating zones 62, collecting and recording data for the
at least one independently controlled heating zones 62
for the mode of operation, then accessing the recorded
data to determine operating specifications for a heating
system having a reduced number of independently con-
trolled heating zones, and then using the heating system
with the reduced number of independently controlled
heating zones. The data may include, by way of example,
power levels and/or temperature information, among oth-
er operational data from the heater system 10 having its
data collected and recorded.

[0036] Inavariation ofthe presentdisclosure, the heat-
er system may include a single heater assembly 18, rath-
er than a plurality of heater assemblies in a bundle 12.
The single heater assembly 18 would comprise a plurality
of heater units 52, each heater unit 52 defining at least
one independently controlled heating zone. Similarly,
power conductors 56 are electrically connected to each
of the independently controlled heating zones 62 in each
of the heater units 62, and the power supply device is
configured to modulate power to each of the independ-
ently controlled heater zones 62 of the heater units
through the power conductors 56.

[0037] Referringto FIG. 7, a method 100 of controlling
a heater system includes providing a heater bundle com-
prising a plurality of heater assembilies in step 102. Each
heater assembly includes a plurality of heater units. Each
heater unit defines at least one independently controlled
heating circuit (and consequently heating zone). The
power to each of the heater units is supplied through
power conductors electrically connected to each of the
independently controlled heating zones in each of the
heater units in step 104. The temperature within each of
the zones is detected in step 106. The temperature may
be determined using a change in resistance of a resistive
heating element of at least one of the heater units. The
zone temperature may be initially determined by meas-
uring the zone resistance (or, by measurement of circuit
voltage, if appropriate materials are used).

[0038] Thetemperature values may be digitalized. The
signals may be communicated to a microprocessor. The
measured (detected) temperature values may be com-
pared to a target (desired) temperature for each zone in
step 108. The power supplied to each of the heater units
may be modulated based on the measured temperature
to achieve the target temperatures in step 110.

[0039] Optionally, the method may further include us-
ing a scaling factor to adjust the modulating power. The
scaling factor may be a function of a heating capacity of
each heating zone. The controller 15 may include an al-
gorithm, potentially including a scaling factor and/or a
mathematical model of the dynamic behavior of the sys-
tem (including knowledge of the update time of the sys-
tem), to determine the amount of power to be provided
(via duty cycle, phase angle firing, voltage modulation or
similar techniques) to each zone until the next update.
The desired power may be converted to a signal, which
is sent to a switch or other power modulating device for



9 EP 3 424 264 B1 10

controlling power output to the individual heating zones.
[0040] In the present form, when at least one heating
zone is turned off due to an anomalous condition, the
remaining zones continue to provide a desired wattage
without failure. Power is modulated to a functional heat-
ing zone to provide a desired wattage when an anoma-
lous condition is detected in at least one heating zone.
When at least one heating zone is turned off based on
the determined temperature, the remaining zones con-
tinue to provide a desired wattage. The power is modu-
lated to each of the heating zones as a function of at least
one of received signals, a model, and as a function of
time.

[0041] For safety or process control reasons, typical
heaters are generally operated to be below a maximum
allowable temperature in order to prevent a particular lo-
cation of the heater from exceeding a given temperature
due to unwanted chemical or physical reactions at the
particular location, such as combustion/fire/oxidation,
coking boiling etc.). Therefore, this is normally accom-
modated by a conservative heater design (e.g., large
heaters with low power density and much of their surface
area loaded with a much lower heat flux than might oth-
erwise be possible).

[0042] However, with the heater bundle of the present
disclosure, it is possible to measure and limit the tem-
perature of any location within the heater down to a res-
olution on the order of the size of the individual heating
zones. A hot spot large enough to influence the temper-
ature of an individual circuit can be detected.

[0043] Since the temperature of the individual heating
zones can be automatically adjusted and consequently
limited, the dynamic and automatic limitation of temper-
ature in each zone will maintain this zone and all other
zones to be operating at an optimum power/heatfluxlevel
without fear of exceeding the desired temperature limit
in any zone. This brings an advantage in high-limit tem-
perature measurement accuracy over the current prac-
tice of clamping a separate thermocouple to the sheath
of one of the elements in a bundle. The reduced margin
and the ability to modulate the power to individual zones
can be selectively applied to the heating zones, selec-
tively and individually, rather than applied to an entire
heater assembly, thereby reducing the risk of exceeding
a predetermined temperature limit.

[0044] The characteristics of the cartridge heater may
vary with time. This time varying characteristic would oth-
erwise require that the cartridge heater be designed for
a single selected (worse-case) flow regime and therefore
that the cartridge heater would operate at a sub-optimum
state for other states of flow.

[0045] However, with dynamic control of the power dis-
tribution over the entire bundle down to a resolution of
the core size due to the multiple heating units provided
in the heater assembly, an optimized power distribution
for various states of flow can be achieved, as opposed
to only one power distribution corresponding to only one
flow state in the typical cartridge heater. Therefore, the
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heater bundle of the present application allows for an
increase in the total heat flux for all other states of flow.
[0046] Further, variable power control can increase
heater design flexibility. The voltage can be de-coupled
from resistance (to a great degree) in heater design and
the heaters may be designed with the maximum wire
diameter that can be fitted into the heater. It allows for
increased capacity for power dissipation for a given heat-
er size and level of reliability (or life of the heater) and
allows for the size of the bundle to be decreased for a
given overall power level. Power in this arrangement can
be modulated by a variable duty cycle that is a part of
the variable wattage controllers currently available or un-
der development. The heater bundle can be protected
by a programmable (or pre-programmed if desired) limit
to the duty cycle for a given zone to prevent "overloading”
the heater bundle.

Claims

1. A heater system (10) comprising a heater bundle
(12), the heater bundle (12) comprising: a plurality
of heater assemblies (18), each heater assembly
(18) comprising a plurality of heater units (52), each
heater unit (52) defining at least one independently
controlled heating zone (62); a plurality of power con-
ductors (56) electrically connected to each of the at
least one independently controlled heating zone (62)
in each of the heater units (52); and means for de-
tecting temperature within each of the independently
controlled heating zones (62); and a power supply
device (14);
characterized in that the power supply device (14)
includes a controller (15) configured to modulate
power to each of the independently controlled heat-
ing zones (62) of the heater units (52) through the
power conductors (56) based on detected tempera-
ture within each of the independently controlled heat-
ing zones (62) to provide a desired wattage along a
length of each of the heater assemblies (18).

2. The heater system (10) according to Claim 1 further
comprising a closed-loop automatic control system
(15) configured to control power from the power sup-
ply device based on the detected temperatures with-
in at least one of the independently controlled heat-
ing zones (62).

3. Theheatersystem (10)according to Claim 1 wherein
the power conductors (56) comprise one of: a plu-
rality of power supply and power return conductors,
a plurality of power return conductors and a single
power supply conductor, or a plurality of power sup-
ply conductors and a single power return conductor.

4. The heater system (10) according to Claim 1, where-
in the heater units (52) of the heater assemblies (18)
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have the same structure such that the heater units
(52) of the heater assemblies (18) are interchange-
able.

The heater system (10) according to Claim 1, where-
in at least one set of a power supply and a power
return conductor comprise different materials such
that a junction is formed between the different ma-
terials and a resistive heating element (34) of a heat-
er unit (52) and is used to determine temperature of
one or more of the independently controlled heating
zones (62).

The heater system (10) according to Claim 1, where-
in the number of the independently controlled heat-
ing zones (62) is n, and the number of power supply
and return conductors is n +1.

The heater system (10) according to Claim 1, where-
in each heater assembly (18) defines an axis and
the plurality of heater assemblies (18) are arranged
such that their axes are arranged parallel to each
other.

The heater system (10) according to Claim 1, where-
in the plurality of heater units (52) each include a
core body (32) and a resistive heating element (34)
surrounding the core body (32).

The heater system (10) according to Claim 8, where-
in the power conductors (56) extend through the core
bodies (32) of the heater units (52).

The heater system (10) according to Claim 9, where-
in the core bodies (32) of the heater assembly (18)
are received within a metal sheath (36).

The heater system (10) according to Claim 8, where-
in the core body (32) of each heater unit (52) defines
a plurality of through holes (64).

The heater system (10) according to Claim 11,
wherein the power conductors (56) extend in the plu-
rality of through holes (64) of the core bodies (32).

The heater system (10) according to Claim 8, where-
in the core bodies (32) of the heater units (52) are
made of ceramic.

The heater system (10) according to Claim 8, where-
in the core bodies (32) of each of the heater assem-
blies (18) are received within a metal sheath (36).

The heater system (10) according to Claim 14, fur-
ther comprising an insulating material (38) disposed
between the core bodies (32) and the metal sheath
(36).
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23.

The heater system (10) according to Claim 1, where-
in the number of the heater assemblies (18) is k, the
number of the independently controlled heating
zones (62) of each of the heater assemblies (18) is
m, and a total number of the independently controlled
heating zones (62) defined by the heater bundle (12)
ism X k.

A method of controlling a heating system (10) com-
prising: providing a plurality of heater assemblies
(18), the heater assembly (18) comprising a plurality
of heater units (52), each heater unit (52) defining at
least one independently controlled heating zone
(62); supplying power to each of the at least one
independently controlled heating zone (62) in each
of the heater units (52) through a plurality of power
conductors (56), the power conductors (56) electri-
cally connected to each of the atleast one independ-
ently controlled heating zone (62) in each of the heat-
er units (52); and detecting a temperature within
each of the independently controlled heating zones
(62);

characterized in that the method comprises mod-
ulating power supplied to each of the independently
controlled heating zones (62) of the heater units (52)
through the power conductors (56) based on detect-
ed temperature within each of the independently
controlled heating zones (62) to provide a desired
wattage along a length of the heater assembly (18).

The method according to Claim 17, further compris-
ing comparing the detected temperatures to target
temperatures and modulating the power supplied to
achieve the target temperatures.

The method according to Claim 17, further compris-
ing using a scaling factor to adjust the modulating
power.

The method according to Claim 19, further compris-
ing using the scaling factor as a function of a heating
capacity of each heating zone (62).

The method according to Claim 17, further compris-
ing turning off at least one of the independently con-
trolled heating zones (62) based on the detected
temperature while continuing to provide the desired
wattage to remaining ones of the independently con-
trolled heating zones (62).

The method according to Claim 17, wherein when
the detected temperature in at least one of the heat-
ing zones (62) is deviated from a target temperature,
power is modulated to the at least one heating zone
(62) to achieve the target temperature.

The method according to Claim 17, wherein the de-
tecting of the temperature includes determining the
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temperature using a change in resistance of a resis-
tive heating element (34) of at least one of the heater
units (52).

The method according to Claim 23, further compris-
ing turning off at least one of the independently con-
trolled heating zones (62) based on the detected
temperature, while continuing to provide the desired
wattage to the remaining ones of the independently
controlled heating zones (62).

The method according to Claim 17, wherein the pow-
er is modulated to each of the heating zones (62) as
afunction of atleast one of received signals, amodel,
and as a function of time.

The method according to Claim 17, further compris-
ing calibrating the heating system (10) according to
the following steps:

operating the heater system (10) in at least one
mode of operation;

controlling the heater system (10) to activate at
least one of the plurality of independently con-
trolled heating zones (62) to generate a desired
temperature;

collecting and recording data for the at least one
of the independently controlled heating zones
(62) and the at least one mode of operation;
accessing the recorded data to determine oper-
ating specifications for the heater system (10)
when the at least one of the plurality of inde-
pendently controlled heating zones (62) is
turned off; and

operating the heater system (10) with the atleast
one of the plurality of independently controlled
heating zones (62) being turned off.

The method according to Claim 26, wherein the data
is selected from the group consisting of power levels
and temperature information.

The method according to Claim 17, wherein the plu-
rality of heater units (52) are disposed along a lon-
gitudinal direction of the heater assembly (18) to de-
fine the plurality of independently controlled heating
zones (62) along the longitudinal direction of the
heater assembly (18).

The method according to Claim 17, further compris-
ing providing a total of m X k independently control-
led heating zones (62), wherein the number of the
heater assemblies (18) is k, and the number of the
independently controlled heating zones (62) of each
of the heater assemblies (18) is m.

The method according to Claim 29, further compris-
ing turning off at least one of the independently con-
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31.

trolled heating zones (62) while continuing to supply
power to remaining ones of the independently con-
trolled heating zones (62) to provide the desired watt-
age along the length of the heater assembly (18).

The method according to Claim 17, wherein the plu-
rality of independently controlled heating zones (62)
are individually and dynamically controlled to
achieve a predetermined power distribution across
the heater system.

32. An apparatus for heating fluid comprising:

a sealed housing (72) defining an internal cham-
ber and having a fluid inlet (76) and a fluid outlet
(78); and

the heater system (10) according to Claim 1 dis-
posed within the internal chamber of the housing
(72),

wherein the heater bundle (12)is adapted to pro-
vide a predetermined heat distribution to a fluid
within the housing (72).

Patentanspriiche

1.

Heizungssystem (10), umfassend ein Heizungsbiin-
del (12), wobei das Heizungsbiindel (12) umfasst:
eine Vielzahl von Heizungsbaugruppen (18), wobei
jede Heizungsbaugruppe (18) eine Vielzahl von Hei-
zungseinheiten (52) umfasst, wobei jede Heizungs-
einheit (52) mindestens eine unabhangig gesteuerte
Heizzone (62) definiert; eine Vielzahl von Stromlei-
tern (56), die elektrisch mit jeder der mindestens ei-
nen unabhangig gesteuerten Heizzone (62) in jeder
der Heizungseinheiten (52) verbunden ist; und Mittel
zum Detektieren einer Temperatur innerhalb jeder
derunabhéangig gesteuerten Heizzonen (62); und ei-
ne Stromversorgungsvorrichtung (14);

dadurch gekennzeichnet, dass die Stromversor-
gungsvorrichtung (14) eine Steuerung (15) beinhal-
tet, die konfiguriert ist, um Strom zu jeder der unab-
hangig gesteuerten Heizzonen (62) der Heizungs-
einheiten (52) durch die Stromleiter (56) basierend
auf der detektierten Temperatur innerhalb jeder der
unabhangig gesteuerten Heizzonen (62) zu modu-
lieren, um eine gewiinschte Wattleistung entlang ei-
ner Lange jeder der Heizungsbaugruppen (18) be-
reitzustellen.

Heizungssystem (10) nach Anspruch 1, weiter ein
Steuersystem (15) in einer geschlossenen Schleife
umfassend, das konfiguriert ist, um Strom von der
Stromversorgungsvorrichtung basierend auf den
detektierten Temperaturen innerhalb mindestens ei-
ner der unabhangig gesteuerten Heizzonen (62) zu
steuern.
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Heizungssystem (10) nach Anspruch 1, wobei die
Stromleiter (56) eines umfassen von: eine Vielzahl
von Stromversorgungs- und Stromrickfihrleitun-
gen, eine Vielzahl von Stromrickfihrleitungen und
eine einzige Stromversorgungsleitung oder eine
Vielzahl von Stromversorgungsleitungen und eine
einzige Stromrickflhrleitung.

Heizungssystem (10) nach Anspruch 1, wobei die
Heizungseinheiten (52) der Heizungsbaugruppen
(18) dieselbe Struktur aufweisen, sodass die Hei-
zungseinheiten (52) der Heizungsbaugruppen (18)
untereinander austauschbar sind.

Heizungssystem (10) nach Anspruch 1, wobei min-
destens ein Satz von einer Stromversorgungs- und
einer Stromrickfihrleitung unterschiedliche Materi-
alien umfassen, sodass eine Verbindung zwischen
den verschiedenen Materialien und einem Heizwi-
derstandselement (34) einer Heizungseinheit (52)
gebildet wird, und verwendet wird, um eine Tempe-
ratur von einer oder mehreren der unabhéangig ge-
steuerten Heizzonen (62) zu bestimmen.

Heizungssystem (10) nach Anspruch 1, wobei die
Anzahl der unabhangig gesteuerten Heizzonen (62)
n ist, und die Anzahl der Stromversorgungs- und
Ruckfuhrleiter n+1 ist.

Heizungssystem (10) nach Anspruch 1, wobei jede
Heizungsbaugruppe (18) eine Achse definiert und
die Vielzahl von Heizungsbaugruppen (18) derart
angeordnet sind, dass ihre Achsen parallel zueinan-
der angeordnet sind.

Heizungssystem (10) nach Anspruch 1, wobei die
Vielzahl von Heizungseinheiten (52) jeweils einen
Kernkorper (32) und ein Heizwiderstandselement
(34) beinhalten, das den Kernkérper (32) umgibt.

Heizungssystem (10) nach Anspruch 8, wobei sich
die Stromleiter (56) durch die Kernkérper (32) der
Heizungseinheiten (52) hindurch erstrecken.

Heizungssystem (10) nach Anspruch 9, wobei die
Kernkorper (32) der Heizungsbaugruppe (18) inner-
halb einer Metallhilse (36) aufgenommen sind.

Heizungssystem (10) nach Anspruch 8, wobei der
Kernkorper (32) jeder Heizungseinheit (52) eine
Vielzahl von Durchgangslochern (64) definiert.

Heizungssystem (10) nach Anspruch 11, wobei sich
die Stromleiter (56) in der Vielzahl von Durchgangs-
lI6chern (64) der Kernkdrper (32) erstrecken.

Heizungssystem (10) nach Anspruch 8, wobei die
Kernkorper (32) der Heizungseinheiten (52) aus Ke-
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16.

17.

18.

19.

20.

21.

ramik gefertigt sind.

Heizungssystem (10) nach Anspruch 8, wobei die
Kernkorper (32) jeder der Heizungsbaugruppen (18)
innerhalb einer Metallhllse (36) aufgenommen sind.

Heizungssystem (10) nach Anspruch 14, weiter ein
Isoliermaterial (38) umfassend, das zwischen den
Kernkdrpern (32) und der Metallhiilse (36) disponiert
ist.

Heizungssystem (10) nach Anspruch 1, wobei die
Anzahl der Heizungsbaugruppen (18) k ist die An-
zahl der unabhangig gesteuerten Heizzonen (62) je-
der der Heizungsbaugruppen (18) mist und eine Ge-
samtanzahl der unabhangig gesteuerten Heizzonen
(62), die durch das Heizungsbiindel (12) definiert
wird, m X K ist.

Verfahren zum Steuern eines Heizungssystems
(10), umfassend: Bereitstellen einer Vielzahl von
Heizungsbaugruppen (18), wobei die Heizungsbau-
gruppe (18) eine Vielzahl von Heizungseinheiten
(52) umfasst, wobei jede Heizungseinheit (52) min-
destens eine unabhangig gesteuerte Heizzone (62)
definiert; Versorgen mit Strom jeder der mindestens
einen unabhangig gesteuerten Heizzone (62) in je-
der der Heizungseinheiten (52) durch eine Vielzahl
von Stromleitern (56), wobei die Stromleiter (56)
elektrisch mit jeder der mindestens einen unabhan-
giggesteuerten Heizzone (62) in jeder der Heizungs-
einheiten (52) verbunden ist; und Detektieren einer
Temperatur innerhalb jeder der unabhangig gesteu-
erten Heizzonen (62);

dadurch gekennzeichnet, dass das Verfahren das
Modulieren von Strom umfasst, mit dem jede unab-
hangig gesteuerte Heizzone (62) der Heizungsein-
heiten (52) durch die Stromleiter (56) basierend auf
der detektierten Temperatur innerhalb jeder der un-
abhangig gesteuerten Heizzonen (62) versorgt wird,
um eine gewiinschte Wattleistung entlang einer Lan-
ge der Heizungsbaugruppe (18) bereitzustellen.

Verfahren nach Anspruch 17, weiter umfassend das
Vergleichen der detektierten Temperaturen mit Ziel-
temperaturen und das Modulieren des Stroms, mit
dem zum Erreichen der Zieltemperaturen versorgt
wird.

Verfahren nach Anspruch 17, weiter umfassend das
Verwenden eines Skalierungsfaktors zum Anpas-
sen des Modulierungsstroms.

Verfahren nach Anspruch 19, weiter umfassend das
Verwenden des Skalierungsfaktors in Abhangigkeit

von einer Heizkapazitat jeder Heizzone (62).

Verfahren nach Anspruch 17, weiter umfassend das
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Ausschalten mindestens einer der unabhangig ge-
steuerten Heizzonen (62) basierend auf der detek-
tierten Temperatur unter fortgesetztem Bereitstellen
der gewiinschten Wattleistung fir die verbleibenden
der unabhangig gesteuerten Heizzonen (62).

Verfahren nach Anspruch 17, wobei, wenn die de-
tektierte Temperatur in mindestens einer der Heiz-
zonen (62) von einer Zieltemperatur abweicht, der
Strom fir die mindestens eine Heizzone (62) modu-
liert wird, um die Zieltemperatur zu erreichen.

Verfahren nach Anspruch 17, wobei das Detektieren
der Temperatur das Bestimmen der Temperatur un-
ter Verwendung einer Widerstandsanderung eines
Heizwiderstandselements (34) mindestens einer der
Heizungseinheiten (52) beinhaltet.

Verfahren nach Anspruch 23, weiter umfassend das
Ausschalten mindestens einer der unabhangig ge-
steuerten Heizzonen (62) basierend auf der detek-
tierten Temperatur, unter fortgesetztem Bereitstel-
len der gewiinschten Wattleistung fiir die verbleiben-
den der unabhangig gesteuerten Heizzonen (62).

Verfahren nach Anspruch 17, wobei der Strom flr
jede der Heizzonen (62) in Abhangigkeit von min-
destens einem von empfangenen Signalen, einem
Modell und in Abhangigkeit von Zeit moduliert wird.

Verfahren nach Anspruch 17, weiter umfassend das
Kalibrieren des Heizungssystems (10) gemaf den
folgenden Schritten:

Betreiben des Heizungssystems (10) in mindes-
tens einem Betriebsmodus;

Steuern des Heizungssystems (10) zum Aktivie-
ren mindestens einer der Vielzahl von unabhan-
gig gesteuerten Heizzonen (62), um eine ge-
wiinschte Temperatur zu generieren;
Sammeln und Aufzeichnen von Daten fir die
mindestens eine der unabhangig gesteuerten
Heizzonen (62), und den mindestens einen Be-
triebsmodus;

Zugreifen auf die aufgezeichneten Daten zum
Bestimmen von Betriebsspezifizierungen fir
das Heizungssystem (10), wenn die mindestens
eine der Vielzahl von unabhangig gesteuerten
Heizzonen (62) ausgeschaltet ist; und
Betreiben des Heizungssystems (10) mit der
mindestens einen der Vielzahl von unabhangig
gesteuerten Heizzonen (62), die ausgeschaltet
ist.

Verfahren nach Anspruch 26, wobei die Daten aus
der Gruppe ausgewahlt sind, die aus Strompegeln
und Temperaturinformationen besteht.
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Verfahren nach Anspruch 17, wobei die Vielzahl von
Heizungseinheiten (52) entlang einer Langsrichtung
der Heizungsbaugruppe (18) disponiert sind, um die
Vielzahl von unabhangig gesteuerten Heizzonen
(62) entlang der Langsrichtung der Heizungsbau-
gruppe (18) zu definieren.

Verfahren nach Anspruch 17, weiter umfassend das
Bereitstellen einer Gesamtheit von m X k unabhan-
gig gesteuerten Heizzonen (62), wobei die Anzahl
der Heizungsbaugruppen (18) k ist, und die Anzahl
der unabhangig gesteuerten Heizzonen (62) jeder
der Heizungsbaugruppen (18) m ist.

Verfahren nach Anspruch 29, weiter umfassend das
Ausschalten mindestens einer der unabhangig ge-
steuerten Heizzonen (62) unter fortgesetzter Strom-
versorgung der verbleibenden der unabhangig ge-
steuerten Heizzonen (62), um die gewiinschte Watt-
leistung entlang der Lange der Heizungsbaugruppe
(18) bereitzustellen.

Verfahren nach Anspruch 17, wobei die Vielzahl un-
abhangig gesteuerter Heizzonen (62) einzeln und
dynamisch gesteuert werden, um eine zuvor be-
stimmte Stromverteilung durch das Heizungssystem
hindurch zu erreichen.

Einrichtung zum Heizen einer Flissigkeit, umfas-
send:

ein abgedichtetes Gehause (72), das eine inne-
re Kammer definiert und einen Flissigkeitsein-
lass (76) und einen Flissigkeitsauslass (78) auf-
weist; und

das Heizungssystem (10) nach Anspruch 1, das
innerhalb der inneren Kammer des Gehauses
(72) disponiert ist,

wobei das Heizungsbiindel (12) angepasst ist,
um eine zuvor bestimmte Warmeverteilung fiir
eine Flissigkeit innerhalb des Gehéauses (72)
bereitzustellen.

Revendications

Systeme de chauffage (10) comprenant un faisceau
de chauffage (12), le faisceau de chauffage (12)
comprenant : une pluralité d’ensembles de chauffa-
ge (18), chaque ensemble de chauffage (18) com-
prenant une pluralité d’'unités de chauffage (52), cha-
que unité de chauffage (52) définissant au moins
une zone de chauffage commandée indépendam-
ment (62) ; une pluralité de conducteurs de puissan-
ce (56) reliés électriquement a chacune de l'au
moins une zone de chauffage commandée indépen-
damment (62) dans chacune des unités de chauffa-
ge (52) ; etdes moyens pour détecter la température
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dans chacune des zones de chauffage comman-
dées indépendamment (62) ; et un dispositif d’ali-
mentation électrique (14) ;

caractérisé en ce que le dispositif d’alimentation
électrique (14) comporte un dispositif de commande
(15) configuré pour moduler la puissance a chacune
des zones de chauffage commandées indépendam-
ment (62) des unités de chauffage (52) a travers les
conducteurs de puissance (56) sur labase de la tem-
pérature détectée dans chacune des zones de
chauffage commandées indépendamment (62) pour
fournir une puissance en watts souhaitée sur une
longueur de chacun des ensembles de chauffage
(18).

Systeme de chauffage (10) selon la revendication 1,
comprenant en outre un systtme de commande
automatique en boucle fermée (15) configuré pour
commander la puissance provenant du dispositif
d’alimentation électrique sur la base des températu-
res détectées dans au moins I'une des zones de
chauffage commandées indépendamment (62).

Systeme de chauffage (10) selon la revendication 1,
dans lequel les conducteurs de puissance (56) com-
prennent 'un parmi : une pluralité de conducteurs
d’alimentation électrique et de retour de puissance,
une pluralité de conducteurs de retour de puissance
et un seul conducteur d’alimentation électrique, et
une pluralité de conducteurs d’alimentation électri-
que et un seul conducteur de retour de puissance.

Systeme de chauffage (10) selon la revendication 1,
dans lequel les unités de chauffage (52) des ensem-
bles de chauffage (18)ontla méme structure de sorte
que les unités de chauffage (52) des ensembles de
chauffage (18) soient interchangeables.

Systeme de chauffage (10) selon la revendication 1,
dans lequel au moins un ensemble d’'un conducteur
d’alimentation électrique et d’'un conducteur de re-
tour de puissance comprend différents matériaux de
sorte qu’une jonction soit formée entre les différents
matériaux et un élément chauffant résistif (34) d’'une
unité de chauffage (52) et soit utilisée pour détermi-
ner la température d’une ou de plusieurs des zones
de chauffage commandées indépendamment (62).

Systeme de chauffage (10) selon la revendication 1,
dans lequel le nombre des zones de chauffage com-
mandées indépendamment (62) est n, et le nombre
de conducteurs d’alimentation électrique et de retour
de puissance est n+1.

Systeme de chauffage (10) selon la revendication 1,
dans lequel chaque ensemble de chauffage (18) dé-
finit un axe et la pluralité d’ensembles de chauffage
(18) sont agencés de sorte que leurs axes soient
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agenceés parallelement les uns aux autres.

Systeme de chauffage (10) selon la revendication 1,
dans lequel la pluralité d’unités de chauffage (52)
comportent chacune un corps central (32) et un élé-
ment chauffantrésistif (34) entourantle corps central
(32).

Systeme de chauffage (10) selon la revendication 8,
dans lequel les conducteurs de puissance (56)
s’étendent a travers les corps centraux (32) des uni-
tés de chauffage (52).

Systeme de chauffage (10) selon la revendication 9,
dans lequel les corps centraux (32) de I'ensemble
de chauffage (18) sont regus dans une gaine métal-
lique (36).

Systeme de chauffage (10) selon la revendication 8,
dans lequel le corps central (32) de chaque unité de
chauffage (52) définit une pluralité de trous traver-
sants (64).

Systeme de chauffage (10) selon la revendication
11, dans lequel les conducteurs de puissance (56)
s’étendent dans la pluralité de trous traversants (64)
des corps centraux (32).

Systeme de chauffage (10) selon la revendication 8,
dans lequel les corps centraux (32) des unités de
chauffage (52) sont réalisés en céramique.

Systeme de chauffage (10) selon la revendication 8,
dans lequel les corps centraux (32) de chacun des
ensembles de chauffage (18) sont regus dans une
gaine métallique (36).

Systeme de chauffage (10) selon la revendication
14, comprenant en outre un matériau isolant (38)
disposé entre les corps centraux (32) etla gaine mé-
tallique (36).

Systeme de chauffage (10) selon la revendication 1,
dans lequel le nombre des ensembles de chauffage
(18) est k, le nombre des zones de chauffage com-
mandées indépendamment (62) de chacun des en-
sembles de chauffage (18) est m, et un nombre total
des zones de chauffage commandées indépendam-
ment (62) définies par le faisceau de chauffage (12)
estm x k.

Procédé de commande d’un systeme de chauffage
(10) comprenant le fait : de fournir une pluralité d’en-
sembles de chauffage (18), 'ensemble de chauffage
(18) comprenant une pluralité d’unités de chauffage
(52), chaque unité de chauffage (52) définissant au
moins un zone de chauffage commandée indépen-
damment (62) ; de fournir une puissance a chacune
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de I'au moins une zone de chauffage commandée
indépendamment (62) dans chacune des unités de
chauffage (52) atravers une pluralité de conducteurs
de puissance (56), les conducteurs de puissance
(56) étant reliés électriquement a chacune de l'au
moins une zone de chauffage commandée indépen-
damment (62) dans chacune des unités de chauffa-
ge (52) ; et de détecter une température dans cha-
cune des zones de chauffage commandées indé-
pendamment (62) ;

caractérisé en ce que le procédé comprend le fait
de moduler la puissance fournie a chacune des zo-
nes de chauffage commandées indépendamment
(62) des unités de chauffage (52) a travers les con-
ducteurs de puissance (56) sur la base de la tempé-
rature détectée dans chacune des zones de chauf-
fage commandées indépendamment (62) pour four-
nir une puissance en watts souhaitée sur une lon-
gueur de 'ensemble de chauffage (18).

Procédé selon la revendication 17, comprenant en
outre le fait de comparer les températures détectées
a des températures cibles et de moduler la puissan-
ce fournie pour atteindre les températures cibles.

Procédé selon la revendication 17, comprenant en
outre le fait d'utiliser un facteur d’échelle pour ajuster
la puissance de modulation.

Procédeé selon la revendication 19, comprenant en
outre le fait d’utiliser le facteur d’échelle en fonction
d'une capacité de chauffage de chaque zone de
chauffage (62).

Procédé selon la revendication 17, comprenant en
outre le fait de désactiver au moins I'une des zones
de chauffage commandées indépendamment (62)
sur la base de la température détectée tout en con-
tinuant a fournir la puissance en watts souhaitée aux
zones restantes des zones de chauffage comman-
dées indépendamment (62).

Procédé selon la revendication 17, dans lequel lors-
que la température détectée dans au moins l'une
des zones de chauffage (62) est déviée d’'une tem-
pérature cible, la puissance est modulée al’au moins
une zone de chauffage (62) pour atteindre la tem-
pérature cible.

Procédé selon la revendication 17, dans lequel la
détection de la température comporte la détermina-
tion de la température en utilisant un changement
de résistance d’'un élément chauffant résistif (34)
d’au moins 'une des unités de chauffage (52).

Procédé selon la revendication 23, comprenant en
outre le fait de désactiver au moins I'une des zones
de chauffage commandées indépendamment (62)
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sur la base de la température détectée, tout en con-
tinuant a fournir la puissance en watts souhaitée aux
zones restantes des zones de chauffage comman-
dées indépendamment (62).

Procédé selon la revendication 17, dans lequel la
puissance est modulée a chacune des zones de
chauffage (62) en fonction d’au moins l'un des si-
gnaux regus, d’'un modéle, et en fonction du temps.

Procédé selon la revendication 17, comprenant en
outre le fait d’étalonner le systéeme de chauffage (10)
selon les étapes suivantes qui consistent :

a faire fonctionner le systeme de chauffage (10)
dans au moins un mode de fonctionnement ;
acommander le systéme de chauffage (10) pour
activer au moins l'une de la pluralité de zones
de chauffage commandées indépendamment
(62) pour générer une température souhaitée ;
a collecter et a enregistrer des données pour
I'au moins une des zones de chauffage com-
mandées indépendamment (62) et I'au moins
un mode de fonctionnement ;

a accéder aux données enregistrées pour dé-
terminer les spécifications de fonctionnement
pour le systéeme de chauffage (10) lorsque I'au
moins une de la pluralité de zones de chauffage
commandées indépendamment (62) est
désactivée ; et

a faire fonctionner le systeme de chauffage (10)
avec I'au moins une de la pluralité de zones de
chauffage commandées indépendamment (62)
désactivée.

Procédé selon la revendication 26, dans lequel les
données sont choisies dans le groupe constitué d’in-
formations de température et de niveaux de puis-
sance.

Procédé selon la revendication 17, dans lequel la
pluralité d’unités de chauffage (52) sont disposées
le long d’'une direction longitudinale de I'ensemble
de chauffage (18) pour définir la pluralité de zones
de chauffage commandées indépendamment (62)
le long de la direction longitudinale de 'ensemble de
chauffage (18).

Procédé selon la revendication 17, comprenant en
outre le fait de fournir un total de m x k zones de
chauffage commandées indépendamment (62), ou
le nombre des ensembles de chauffage (18) est k,
et le nombre des zones de chauffage commandées
indépendamment (62) de chacun des ensembles de
chauffage (18) est m.

Procédé selon la revendication 29, comprenant en
outre le fait de désactiver au moins I'une des zones
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de chauffage commandées indépendamment (62)
tout en continuanta fournir une puissance aux zones
restantes des zones de chauffage commandées in-
dépendamment (62) pour fournir la puissance en
watts souhaitée sur la longueur de 'ensemble de
chauffage (18).

Procédé selon la revendication 17, dans lequel la
pluralité de zones de chauffage commandées indé-
pendamment (62) sont commandées individuelle-
ment et dynamiquement pour obtenir une distribu-
tion de puissance prédéterminée a travers le systeé-
me de chauffage.

32. Appareil pour chauffer un fluide comprenant :

un boftier scellé (72) définissant une chambre
interne et ayant une entrée de fluide (76) et une
sortie de fluide (78) ; et

le systéme de chauffage (10) selon la revendi-
cation 1 disposé dansla chambre interne du boi-
tier (72),

dans lequel le faisceau de chauffage (12) est
adapté pour fournir une distribution de chaleur
prédéterminée a un fluide dans le boitier (72).
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Providing a heater bundle comprising a plurality |, —102
of heater assemblies each defining a plurality
of heater units

Y

104
/

Supplying power to each of the heater units

L

106
/

Detecting the temperature of each heating zone

Y

Comparing the detected temperature to a e 108
target temperature

Y

Modulating the power supplied to each of the 110
) L
heater units based on the detected temperature
to achieve the target temperature
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